5À was synthesized as a tetramethylammonium salt.
A tellurium-substituted Lindqvist- When irradiated with a Xe lamp, a water-methanol solution of this cluster showed exceptionally high H 2 -evolution activity suggesting cocatalysis by the hexaniobate cluster and metallic tellurium, both of which are formed as photodecomposition products.
The most common aqueous complexes of Nb V are the hexaniobate Te NMR spectrum shows one isotropic peak at 754 ppm accompanied with spinning sidebands [Fig. 2] . We note that the spinning sidebands are not symmetric about the central isotropic peak because Te is in an asymmetric structural environment. The Te is located at one metal site of the Lindqvist cluster, which is intrinsically asymmetric, and faces the center of the cluster on one side, while the other side is coordinated with the terminal oxygen atom and is closer to TMA ions and crystallization waters [ Fig. 1, Fig. S2, ESI †] .
The pH-dependent stabilities of 1 and 2 were examined by performing ESI-MS and UV-Vis titration experiments. ESI-MS spectra of 31 mM solution (pH = 8.1) of each compound were recorded after the addition of acid or base to modify the solution pH. The peaks of 1 only slightly decreased up to pH B 13 when titrated with base, indicating that the TeNb 5 cluster is stable under strongly basic conditions [ Fig. S4 , ESI †]. When titrated with acid, the solution became cloudy, and increasingly so, upon addition of each aliquot below pH 7, which was probably due to formation of hydrous niobiumoxide colloids. However, most of the clusters in solution had converted to colloidal particles at pH B 5 and below. ESI-MS titration of 2 showed similar behaviour [ Fig. S5 , ESI †]; Nb 6 was stable between 7 o pH o 12 but less stable under extreme pH conditions, as suggested by normalized abundance of representative peaks in ESI-MS depending on pH [ Fig. S6, ESI †] . In the UV-Vis titration experiment using a more dilute solution (0.03 mM), the electronic spectra of 1 which show LMCT bands at 240 nm and small shoulder at 265 nm did not change significantly up to pH 12.5, which agrees with the stability of We examined photochemical H 2 evolution from each 0. was also measured. Methanol was used as a sacrificial electron donor and H 2 was monitored by gas chromatography. Visible light (>400 nm) did not produce H 2 ; however, under full Xe spectrum illumination a solution of 1 evolved H 2 at a rate of 776 mmol h À1 g À1 , which is 70 times higher than that of 2 Fig. 3 ]. Upon irradiation, the solution of 2 remained colorless while the solution of 1 became gradually darker and about 10 mg of a black precipitate formed after 8 hours, which was identified as metallic tellurium in mostly nanowire morphology mixed with some microcrystals, on the basis of SEM and XRD data ( Fig. S9 and S10, ESI †). The formation of metallic tellurium indicates reduction of the Te VI in 1 to Te 0 as the cluster decomposed. The apparent chemical conversion of the niobate cluster is also reflected in the nonlinear H 2 evolution plot, which shows an abrupt increase of activity after 2 h. The main product of the photo-assisted Te MAS NMR spectrum (top) can be fitted with a CSA pattern at a spinning speed of 8 kHz (bottom). The axiality of the CSA is À160 ppm, the asymmetry parameter is 0.56, the peak width is 300 Hz, and the isotropic chemical shift is 754.3 ppm. These parameters describe the local coordination environment of the Te VI site. conversion of 1-3 in the solution phase after irradiation was the Nb 6 ion, as detected by ESI-MS. The peroxohexaniobate ion 3 showed lowest H 2 evolution activity (1 mmol h À1 g À1 ) when compared to 1 and 2, but evolved small amounts of O 2 during irradiation, likely due to the photo-induced removal of the peroxo ligand. The supernatant and precipitate were separated after irradiation of solution of 1 for 8 h to evaluate the H 2 -evolution activity of each photo-decomposition product separately. Te 0 wires alone showed very low H 2 evolution activity when mixed with water-methanol [ Fig. 3 ]. The separated supernatant continued to form more Te 0 upon irradiation due to the small amount of tellurate present in the supernatant. This supernatant showed a similar H 2 evolution curve but lower H 2 evolution activity than the original solution [ Fig. 3 about an order of magnitude smaller than that produced from the solution of 1, but higher than that produced from the solution of 2 alone [ Fig. 3 ]. This result implies that the reduction of Te VI in TeNb 5 can occur directly within the cluster from the photogenerated electron-hole pairs, in such a way that formation of metallic tellurium in the solution of 1 is faster than in the simple solution mixture of telluric acid and 2. This explains the high H 2 evolution rate in the early stage of irradiation of 1 compared to the control experiment. The total surface area of the particles in the solution of 1 might also be higher than that in the mixture of telluric acid and 2 because of the faster formation of particles, which might have resulted in the high H 2 -evolution activity.
In conclusion, the TMA salt of the TeNb 5 molecule reported herein exhibits a similar pH stability window and solid-state structure compared to Nb 6 , but demonstrates much higher H 2 -evolution activity via a photo-decomposition route to Nb 6 and Te 0 nanowires. Future studies shall focus on the hydrolysis and isotope-exchange kinetics of the TeNb 5 molecule, by using 17 O and 125 Te NMR together, and compare hydrolysis chemistry with that of the unsubstituted Nb 6 . This work was supported by an NSF CCI grant through the Center for Sustainable Materials Chemistry, number CHE-1102637.
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